Vinylidene chloride (VDC) is a groundwater and drinking water contaminant. Monochloroacetic acid (MCA) is a chlorination by-product of drinking water. Because environmental or occupational exposure to chemicals takes place at low concentrations, a sensitive in vitro system of liver slices was used to examine the interactive toxicity of MCA and VDC. Liver slices from Sprague-Dawley rats were exposed to 100 pM MCA for 1 hepatocytes to 5 mM MCA resulted in an increased enzyme leakage, whereas 5 mM di-or trichloroacetic acids had no effect (11). Pretreatment of rats with MCA 1 hr earlier resulted in a significant increase in VDC hepatotoxicity (12).
Coexposure to environmental pollutants is a common concern, particularly if the pollutants can affect each other's toxicity. Vinylidene chloride (VDC) is used in industry for the manufacture of Sarantype (Johnson Wax, Racine, Wisconsin) plastics and as a degreasing agent. It occurs as a contaminant in the groundwater, with groundwater contamination reaching 21 ,000 pg/l or > 200 pM in Arizona (1) . VDC has been identified as a contaminant in drinking water. It is ranked eleventh among the hazardous chlorinated organic compounds found in drinking water in this country (2) . Approximately 50% of the population of the United States relies on groundwater as a source of drinking water. The major method of drinking water disinfection in the United States is by chlorination (3) . Monochloroacetic acid (MCA) is formed as a result of chlorination of drinking water for disinfection and can be present at concentrations of approximately 1 pg/l (4) 
Therefore, there is possible coexposure of humans to these chemicals.
Both of these environmental pollutants are hepatotoxic and interact with each other. VDC causes centrilobular necrosis of the liver and the elevation of serum enzymes, indicating hepatocellular damage (5) (6) (7) . Although VDC was a rodent carcinogen in chronic bioassays (8) (9) (10) hepatocytes to 5 mM MCA resulted in an increased enzyme leakage, whereas 5 mM di-or trichloroacetic acids had no effect (11) . Pretreatment of rats with MCA 1 hr earlier resulted in a significant increase in VDC hepatotoxicity (12) .
Because environmental exposure to MCA or VDC takes place at low levels, this study was undertaken to examine the interactive toxicity of subtoxic concentrations of MCA and VDC in precision-cut rat liver slices and the mechanism of MCA and VDC interaction. We previously demonstrated that stress proteins can be used as early sensitive indicators of toxicity of subtoxic concentrations of chemicals such as sodium arsenite in precision-cut rat liver slices (13) . Therefore, expression of stress proteins by subtoxic concentrations of MCA and VDC was also studied to examine whether they could be used as early sensitive indicators of interactive toxicity of these drinking water contaminants.
Materials and Methods
Male Sprague-Dawley rats (275-350 g) were used in these experiments. Liver slices (250-300 microns) were prepared and incubated by previously described methods (13) 20 and 48 pM, respectively (14) . VDC was mixed with dimethyl sulfoxide (DMSO) to obtain the appropriate concentrations and was injected onto a paper wick suspended inside the incubation vial. No addition was made to the control slices, as previous studies have shown that only minute amounts of DMSO leave the paper wick and no toxic effects were seen (14) . Liver slices were incubated 1 to 8 hr and one slice was placed in 1 ml deionized water for the determination of K+/DNA (15) . One slice was placed in 1 ml 10% TCA for slice glutathione (GSH) assay (16) . Two slices were pooled for the Western blot analyses of heat shock proteins (HSPs). For (Figure 1 ).
Histologic Analysis ofLiver Slices
The histologic changes in liver slices are summarized in Table 1 . MCA alone did not result in any changes in liver slices at any time ( Figure 2B ), as compared to control slices (Figure 2A ). Twenty-micromolar VDC caused cytoplasmic vacuolations in hepatocytes ( Figure 2C ) and no necrotic changes up to 6 hr. MCA + 20 pM VDC (Figure 2D ). Fortyeight-micromolar VDC resulted in minimal necrotic changes at 4 and 6 hr, while MCA+ 48 pM VDC ( Figure 2E) Figure 5 . MCA alone did not cause an increase in HSP 72 contents at 2 hr ( Figure 6 ). VDC 
Discussion
Previous studies have demonstrated that MCA pretreatment increases the hepatotoxicity of chloroform in rats (17) . Earlier studies have shown that VDC hepatotoxicity can be manipulated by altering P450 activity and glutathione levels but these were performed at hepatotoxic doses of VDC (18, 19) . In this study liver slices were exposed to subtoxic concentrations of MCA and VDC to examine whether low concentrations of these chemicals can interact to cause damage to liver slices. The (27) (28) (29) . Enhanced synthesis of stress proteins has been proposed as a biomarker for toxicity because there is a relationship between the individual levels of these proteins and the degree of cellular damage inflicted (30) (31) (32) . The accumulation of denatured proteins results in an increase in the synthesis of stress proteins (33) . The mechanism of toxicity of VDC is due to the covalent modification of critical target proteins by its reactive metabolites including MCA (23) . The protein denaturing effect of these VDC metabolites probably acts as a signal for the increased synthesis of HSP 72, which is the major cytosolic stress protein induced by a variety of stressors (27) . Levels of HSP 90, another cytosolic stress protein (27) , is not altered much by MCA + VDC treatments. HSP 32 is heme oxygenase 1, which is an antioxidant enzyme that is induced under conditions of oxidative stress (34) . HSP 60 is a mitochondrial stress protein (35) . VDC causes mitochondrial damage in hepatocytes (36) . In the present experiments the low concentrations of VDC used probably resulted in modest increases in HSP 32 
